Abstract Arthonia coreana, Arthonia superpallens, and Arthonia zelkovae are new species from South Korea. All new species are in the Euarthonia tribe, based on the key characteristics of colorless hypothecium and multi-cellular spores. A. coreana has a dull brownish hypophloedal thallus without bleaching and rounded or curved big apothecia in comparison with those of Arthonia punctiformis. A. coreana consistently exhibits 4-septate ascospores, which is a distinctive characteristic that distinguishes it from other Arthonia species. A. superpallens has a white-greenish thallus, pale yellowish apothecia, and a trentepohlioid alga. However, A. superpallens has no distinct prothallus, adnate, and convex apothecia, no pycnidia, and is UV-, in contrast with related species in the Arthonia antillarum group. A. zelkovae has a white, epiphloedal thallus, brownish-black epruinose apothecia covered with a whitish bark layer, and smaller ascospores in comparison with those of A. punctiformis. A. zelkovae consists of a chlorococcoid alga, which differs from related Arthonia species such as A. punctiformis, Arthonia pinastri, and Arthonia glaucella. Although A. zelkovae is similar to Arthonia dispersa in its white-colored thallus, blackish apothecia, and the presence of a chlorococcoid photobiont, A. zelkovae differs from the latter in having larger-sized 3-septate ascospores. Arthonia cinnabarina f. marginata, A. glaucella, Arthonia ilicinella, Arthonia lapidicola, Arthonia leioplacella, Arthonia pertabescens, A. pinastri, Arthonia spadicea, and Arthonia stellaris are newly described in Korea. The diagnostic characteristics of these species are discussed and presented. An artificial key is provided to facilitate identification of Arthonia species from Northeast Asia.
mrSSU1 and mrSSU3R, LR0R and LR5, and fRPB2-7cF and fRPB2-11aR, respectively [9] [10] [11] . The PCR thermal cycling parameters used were previously described by Ekman [12] . DNA cloning was performed using a pGEM-T Easy Vector System when the results from PCR and electrophoresis were not clear or double bands were observed under UV light. Sequencing was accomplished by the genomic research companies GenoTech (Daejeon, Korea) and Macrogen (Daejeon, Korea).
For phylogenetic analysis, all mtSSU, RPB2, and nLSU sequences were aligned and manually edited using ClustalW in Bioedit (V7. 2.5) . Bootstrap values were obtained in RAxML GUI 1.5 beta [13] using the maximum likelihood method with a rapid bootstrap with 1,000 bootstrap replications and GTR GAMMA for the substitution matrix. Posterior probabilities were obtained in BEAUti 1.8.0 and BEAST 1.8.0 [14] using the HKY method for the substitution model, empirical base frequencies, gamma for the site heterogeneity model and four categories for gamma, and a 1,000,000 Markov Chain Monte Carlo chain length with a 10,000 echo state screening and 200 log parameters. Then, 204 Lee and Hur the best tree was constructed in TreeAnnotator 1.8.0 [15] with a burnin of 100, no posterior probability limit, a maximum clade credibility tree for the target tree type, and median node heights. All trees were displayed in FigTree 1.4.2 [16] and edited in Microsoft Paint.
RESULTS AND DISCUSSION
Three independent phylogenetic trees for the family Arthoniaceae and related genera were produced from 107 sequences (39 for mtSSU, 27 for nLSU, and 41 for RPB2) DNA sequences for three new species (in bold) were generated in this study. All others were obtained from GenBank. mtSSU, mitochondrial small subunit; RPB2, RNA polymerase subunit II; nLSU, nuclear large subunit ribosomal RNA.
from GenBank and with seven sequences (three for mtSSU, two for nLSU, and two for RPB2) for the three new species ( Reference Table 1 Thallus corticolous, crustose, epiphloedal, smooth, dull, and mostly continuous, with small discontinuous cracks and large cracks along the edges of apothecia, white or whitish green, thin, and 50~70.5 µm thick; cortex 5~17.5 µm thick; medulla indistinct or up to 10 µm thick; photobiont Trentepohlia, continuous, regular, and parallel to the substratum, under the cortex or medulla layer, 38~48 µm thick; prothallus indistinct or pale yellowish. Apothecia that are subangular or irregular, often branching, adnate, flat in the beginning and distinctly convex at maturity, pale yellow to pale light brown, epruinose but covered by a whitish epinecral remnant or bark layer that disappears when mature, 0.31~0.69 mm diam. (length = 0.46, SD = 0.10, n = 24); apothecial section 350~420 µm wide, 67.2~76.1 µm thick; epihymenium olivish brown to olivish light brown, 5.81 7.1 µm high; hymenium hyaline, 41.9~51.8 µm, and I+ vinose-red to orangish red, KI+ blue; hypothecium hyaline and 14.0~18.3 µm; paraphysoids 0.6~1.7 µm wide, tips swollen with pigment, and 1.3~2.9 µm wide. Asci 8-spored, clavate to wide-clavate, 22.2~31.5 × 12.6~18.1 µm for wideclavate asci and 27.8~41.7 × 14.4~17.1 µm for clavate asci; ascospores hyaline, mainly 3-septate or non-septate and rarely 2-septate or 1-septate; apical cells not swollen; and Thallus corticolous, crustose, epiphloedal, smooth, cracked because the substrate bark is cracked, somewhat shiny, white, thin, 25~55 µm thick; cortex 12~18 µm thick; medulla indistinct but conglomerated with alga; photobiont green alga (chlorococcoid), isolated or discontinuously aggregated, 8~10 µm for isolated alga, and 10~13 µm per individual in aggregated algae. Apothecia rounded to subangular, semisessile without constriction at the base, brown to black, epruinose but covered by a whitish bark layer or epinecral remnant, with the bark layer disappearing when mature, 0.20~0.62 × 0.18~0.38 mm (length = 0.34, SD = 0.13, width = 0.25, SD = 0.08, n = 11); apothecial section 1251 48 µm wide, 31~34 µm thick; epihymenium olivish brown, 7.7~8.4 µm high; hymenium hyaline or slightly olivish hyaline, 8.1~10.7 µm; hypothecium hyaline and 9.0~11.6 µm; paraphysoids 0.5~1.5 µm wide; tips swollen with pigment and 1.5~2 µm wide. Asci obovoid to clavate, 8- spored, 14.6~26.7 × 10.2~19.2 µm (n = 6); ascospores hyaline, mostly 3-septate but sometimes 1-to 2-septate, apical cells not swollen, and locules equally divided, constricted at the septum, 11~18 × 3.8~5.1 µm for 3-septate spores (n = 9), 11.3~12.5 × 3.8~4.8 µm for 2-septate spores (n = 2), and 7.4~9.1 × 4.1~4.4 µm for 1-septate spores (n = 2), and 7.4~18.0 × 3.8~5.1 µm (length = 13.0, SD = 3.04, width = 4.3, SD = 0.44, n = 13) overall. Pycnoconidia bacilliform, almost straight, and 3.3~3.7 × 0.3 µm. Chemistry: K−, C−, and PD− on thallus and apothecia, KI− and I+ dark blue epihymenium and hymenium, I+ vinose-red ascus. No substance detected by TLC. Distribution and ecology: This species occurs on the bark of Zelkova serrata. It is currently known by a specimen in the type collection (Namhae, South Korea). Etymology: The species epithet reflects the substrate Zelkova serrata, a temperate tree species. Remarks: A. zelkovae groups, phylogenetically, with A. punctiformis, the so-called Euarthonia tribe in the subsection Endoleuca, because it shared the tribe's key characteristics of colorless or bright hypothecium and multi-cellular spores. In the Euarthonia tribe, A. zelkovae is similar to A. cinereopruinosa Schaer., A. diffusa Nyl., A. glaucella, A. glaucescens Nyl. ex Willey, A. impolita (Ehrh.) Borrer, A. phaeonephela, A. pinastri, A. polygramma Nyl., A. polymorpha, A. punctiformis, A. radiata, and A. varia (Ach.) Nyl. in having a whitish thallus, brown-to-black apothecia, 3-septate ascospores, and bark as a substrate. A. zelkovae differs from A. cinereopruinosa by having no prothallus, K− thallus, round apothecia without heavy pruina, olivish brown epihymenium, smaller ascospores, equally divided locules, and straight bacilliform pycnoconidia. A. zelkovae is distinguishable from A. diffusa in having a non-granulose, smooth, and discontinuous thallus, larger apothecia that are darker or blackish when moistened, olivish brown epihymenium, and I+ blue hymenium. A. zelkovae differs from A. glaucella by not having a gray and white thallus, being uniformly round and non-erumpent, with smooth and epruinose apothecia, having an alga, smaller ascospores, and invariant I+ blue hymenium. A. zelkovae is distinct from A. glaucescens in having no soredia, but having round and smaller apothecia and smaller ascospores. A. zelkovae differs from A. impolita by having round and thinner apothecia, a chlorococcoidal alga, olivish brown epihymenium, thinner I+ blue hymenium, smaller ascospores, and shorter pycnoconidia. A. zelkovae is distinguishable from A. phaeonephela in having no prothallus, but having round apothecia, mostly 3-septate and slightly larger ascospores, I+ blue hymenium, and pycnidia. A. zelkovae differs from A. polygramma by having no prothallus, but having a K− thallus, round and big apothecia, invariant I+ blue hymenium, up to 3-septate, smaller ascospores, and pycnidia. A. zelkovae is distinct from A. polymorpha in that it has no prothallus, but has round, non-clustered, and smaller apothecia, mostly 3-septate and narrower ascospores with equally divided locules, and pycnidia. The new species differs from A. pinastri by having a epiphloedal thallus, a chlorococcoidal alga, round and smaller apothecia, thinner epihymenium, thinner hymenium, and longer ascospores. A. zelkovae is different from A. punctiformis in epiphloedal thallus, non-branching, non-erumpent, round, smooth and smaller apothecia, presence of a chlorococcoidal alga, smaller ascospores, I+ blue on hymenium, and presence of pycnidia. A. zelkovae differs from A. radiata in having no prothallus and being constantly round with smaller apothecia, chlorococcoidal alga, and smaller, up to 3- Lichen Genus Arthonia from Korea 211 septate ascospores. A. zelkovae differs from A. varia in not having a gray and white thallus, but having round apothecia, equally divided locules, and slightly shorter pycnoconidia. Although A. zelkovae is similar to A. dispersa in its white colored thallus, blackish apothecia, and the presence of a chlorococcoid photobiont, A. zelkovae differs from the latter in the 3-septate, larger ascospores.
New records.
Arthonia cinnabarina f. marginata (Turner) Leight., Lich.-Fl. Great Br.: 399 (1871) (Fig. 8A ) Description: Thallus corticolous, crustose, hypophloedal, and whitish; prothallus indistinct or thin and brownish. Apothecia rounded to subangular, somewhat convex, but central part sunken and reddish brown, reddish brown pruina at the margin and bluish gray pruina in the center, simple or often aggregated, 0.25~0.37 mm in diameter ( = 31, SD = 0.046, n = 14); apothecial section with violet pigment. Ascospores 3-septate, with swollen apical cells, and 20~22.7 × 5~8.3 µm (n = 3). Chemistry: I+ reddish hymenium and KI+ blue apothecial sections. Remarks: A. cinnabarina (DC.) Wallr. exhibits cinnabarred pruina at the margins of apothecia and white pruina in the center, and comprises 3-to 5-septate (up to 7-septate) ascospores 20~33 × 5.5~11 µm in size. This species has 49 infraspecific taxa, 16 formas, and 33 varieties, including all synonyms. A. cinnabarina f. marginata is distinguished from other taxa in the A. cinnabarina group by being rounded or elongated, often aggregated or sometimes simple, convex, reddish-brown apothecia with reddish brown pruina at the margin and dark bluish gray pruina in the center, and a thin, whitish thallus. Arthonia glaucella Nyl., Mém. Soc. Imp. Sci. Nat. Cherbourg 4: 97 (1856) (Fig. 8B ) Description: Thallus corticolous, crustose, hypophloedal, cracked, grayish white, and 5~10 µm thick; photobiont not detected. Apothecia rounded and smooth in the beginning and generally subangular and erumpent when mature, rarely somewhat linear, flat or rarely slightly convex, dark brown to blackish, epruinose but somewhat heavily covered by white remnants of the bark layer of the substrate, 0.35~0.62 µm in diameter, and 50~60 µm thick; epihymenium olive to dark olive and 7~13 (~20) µm thick; hymenium hyaline to slightly olivish, 30~40 µm thick; hypothecium indistinct, slightly olive green to hyaline, approximately 5 µm thick; paraphysoids 0.5~1.0 µm wide, tips swollen without pigment, and 1~1.5 µm wide. Asci globose and 29~40 × 20~30 µm; ascospores 8-spored, 3-septate, with Arthonia ilicinella Nyl., Flora, Regensburg 50: 179 (1867) (Fig. 8C ) Description: Thallus corticolous, crustose, hypophloedal, white-to-brownish grayish white; prothallus indistinct; photobiont not detected. Apothecia simple, rounded, subangular, linear, or irregular, flat or slightly convex, and black; epihymenium brownish and up to 15 µm thick; hymenium hyaline or pale brown and up to 30 µm thick. Asci 27~31 × 21~24 µm; ascospores 3-or 4-septate, tip cells swollen, and 15~20 × 5~7.5 µm for 3-septate spores (n = 3) or 16~18 × 6 µm for 4-septate spores (n = 2). (Fig. 8D ) Description: Thallus saxicolous, crustose, thin, granularly verrucose, more or less bumpy or smooth, appearing mainly along the groove on the rock, linearly continuous, discontinuous or isolated, creamy white to dirty olivish white, and photobiont green (coccoid). Apothecia semiglobose to globose, convex, brown to dark brown, single or aggregated, 0.1~0.2 mm in diameter; epihymenium olivebrown or pale brown and 5~10 µm thick; hymenium hyaline and 40~50 µm thick; hypothecium hyaline to pale brown and 100~110 µm thick. Paraphysoids with an anticlinally condroid arrangement, but some anastomosing, often with branching, 0.5~1.0 µm wide, tip swollen and light olive pigmented, and 1~2 µm wide. Asci clavate, 303 1 × 15~18 µm; 4-spored ascospores detected, 1-septate without constriction, no halo, and 10.5~13 × 3~6 µm (n = 6). Chemistry: I+ vinose-red epihymenium/hymenium and I+ blue hypothecium. Remarks: This saxicolous species is immersed to irregularly granular-verrucose, olivish creamy white thallus, semiglobose to globose, simple or sometimes aggregated, convex, dark brown to black apothecia, and 1-septate ascospores. Specimen examined: South Korea, Gangwon-do, Samcheok-si, Geundeok-myeon, Gungchonhaebyeon-gil, seashore rocks, 37 Arthonia leioplacella Zahlbr., in Handel-Mazzetti, Symb. Sinic. 3: 35 (1930) (Fig. 8E ) Description: Thallus corticolous, crustose, epiphloedal, thin, olive, and 60~70 µm thick; prothallus indistinct or brownish; photobiont trentepohlioid. Apothecia rounded to irregularly linear, erumpent, black, epruinose, and 0.21 mm in diameter; epihymenium brownish to dark brownish and 10~15 µm thick; hymenium hyaline to slightly brownish and 25~45 µm thick; hypothecium brown and 17~30 µm thick. Paraphysoids filiform, somewhat branched, approximately 1 µm wide, tips slightly swollen, and approximately 1.5 µm without pigment. Ascospores are 8-spored, 5-or 6-septate (rarely 7-septate), with second and/ or third locules that are larger than the others and not constricted at septum, and 15~22.5 × 5~8 µm (n = 11). Remarks: This species exhibits simple or lirellate apothecia, dark brown or brownish black hypothecium, 5-to 6-septate ascospores with two center locules distinctly larger than the others, and a slightly olivaceous thallus with thin black prothallus. Arthonia pertabescens Nyl., Lich. Japon.: 85 (1890) (Fig.  8F ) Description: Thallus corticolous, crustose, hypophloedal, thin, and creamy white; prothallus indistinct; photobiont trentepohlioid. Apothecia rounded, subangular to irregular, covered by a bark layer, black, 0.3~0.6 mm in diameter, epruinose; epihymenium brown and 5~8 µm thick; hymenium hyaline to slightly brownish and 20~25 µm thick; hypothecium brownish and 10~15 µm thick. Ascospores 8-spored, usually 5-septate but sometimes 6-or 4-septate, locules equally divided and not constricted at septum, and 19~21.3 × 5.5~7.5 µm (n = 6). Remarks: This species is distinguished by irregular, flat, and black apothecia up to 0.5~0.6 mm in diameter, brown hypothecium, 5-to 7-septate ascospores, and an indistinct (Fig. 8G ) Description: Thallus corticolous, crustose, hypophloedal, and dull brown; prothallus black; photobiont not detected. Apothecia rounded, flat to slightly convex, epruinose but sometimes powdery white from the bark layer, approximately 0.2 mm in diameter, 2~3 mm diameter as a colony, and 60~70 µm thick; epihymenium olive-brown or dark olive and 10~15 µm thick; hymenium hyaline and 18~20 µm thick; hypothecium indistinct, hyaline, or slightly pale yellowish and 5~10 µm thick; paraphysoids 0.5~1.0 µm wide, tips swollen without pigment, 1.5~2.0 µm wide, and not branching. Asci globose to obovate and 25~35 × 16~20 µm; ascospores 8-spored, 3-septate, locules equally divided, and 13~17.5 × 3~5 µm (n = 17). Chemistry: C− thallus and apothecia. K− apothecial section. Remarks: This species is distinct in rounded to irregularly branched, with black apothecia, light brown-tinged hypothecium, 3-(or 4-)septate ascospores with equally divided locules, and a smooth, thin, ashy white thallus without a photobiont. (Fig. 8I ) Description: Thallus corticolous, crustose, hypophloedal, thin, and white with pale fawn; prothallus indistinct or brownish to blackish; photobiont not found. Apothecia rounded to subangular in the beginning, and developing to stellate, brownish black to blackish, epruinose but covered by a white bark layer, and 0.2~1.2 mm in diameter; epihymenium brownish to olivish and 5~10 µm thick; hymenium olivish hyaline and 10~15 µm thick; hypothecium olivish hyaline to dark and 10~15 µm thick. Paraphysoids anastomosing, approximately 0.5 µm wide, tip with little swelling or not swollen, and up to 1 µm wide. Asci globose to obovoid, 25~28 × 21~25 µm; ascospores 8-spored, mainly 3-septate, rarely 2-septate or non-septate, upper cell larger than others, and 14~17.3 × 5.5~6.5 µm (n = 6). Chemistry: C-apothecial sections. Remarks: This species is distinct in having linear or more usually irregularly branched to stellate, red-brown to brown-black apothecia and (2-) 3-or 4-septate ascospores with enlarged end cells. On Rhizoplaca species; asci 28~33 × 14~17 mm ·········································································· A. clemens On Phaeophyscia species; asci 35~45 × 16~20 µm ····························································· A. phaeophysciae 4(3) Ascospores 1-septate; asci 35~43 × 17~20 µm, 4-to 8-spored ······················································ A. molendoi
